Conformational behaviour of the active and inactive forms of the nucleocapsid NCp7 of HIV-1 studied by 1H NMR.
The nucleocapsid protein NCp7 of the human immunodeficiency virus type I (HIV-1) is a 72 amino acid peptide containing two zinc fingers of the type CX2CX4HX4C linked by a short basic sequence 29RAPRKKG35. NCp7 was shown to activate in vitro both viral RNA dimerization and replication primer tRNA(Lys,3) annealing to the initiation site of reverse transcription. In order to clarify the possible structural role of the zinc fingers in the various functions of NCp7, complete sequence specific 1H NMR assignment of the entire protein was achieved by two-dimensional NMR experiments. Moreover, to characterize the role of the peptide linker in NCp7 folding, a synthetic analogue with an inversion of Pro31 configuration was studied by NMR and fluorescence techniques. Several long range NOEs implying amino acid protons from the folded zinc fingers and the spacer, such as Ala25 and Trp37, Phe16 and Trp37, Arg32 and Trp37, Lys33 and Trp37, Cys18 and Lys33 disappeared in the D-Pro31 (12-53)NCp7, confirming the spatial proximity of the two CCHC boxes observed in the (13-51)NCp7. This was also confirmed by iodide fluorescence quenching experiments. The N and C-terminal parts of NCp7 displayed a large flexibility except for two short sequences Tyr56 to Gly58 and Tyr64 to Gly66, which seemed to oscillate between random-coil and helical conformations. The biological relevance of the structural characteristics of NCp7 was studied in vitro and in vivo. Substitution of Pro31 by D-Pro31 in the active (13-64)NCp7 peptide led to a severe reduction of dimerization in vitro. Moreover, site-directed mutagenesis substituting Leu for Pro31 resulted in the formation of non-infectious and immature viral particles. These results suggest that the spatial proximity of the zinc fingers induced by the peptide linker, plays a critical role in encapsidation of genomic RNA and morphogenesis of HIV-1 infectious particles.